Water ingestion estimates are important for the assessment of risk to human populations of exposure to water-borne pollutants. This paper reports mean and percentile estimates of the distributions of daily average per capita water ingestion for a number of age range groups. The age ranges, based on guidance from the US EPA's Risk Assessment Forum, are narrow for younger ages when development is rapid and wider for older ages when the rate of development decreases. Estimates are based on data from the United States Department of Agriculture's (USDA's) 1994-1996 and 1998 Continuing Survey of Food Intake by Individuals (CSFII). Water ingestion estimates include water ingested directly as a beverage and water added to foods and beverages during preparation at home or in local establishments. Water occurring naturally in foods or added by manufacturers to commercial products (beverage or food) is not included. Estimates are reported in milliliters (ml/person/day) and milliliters per kilogram of body weight (ml/kg/day). As a byproduct of constructing estimates in terms of body weight of respondents, distributions of self-reported body weights based on the CSFII were estimated and are also reported here.
Introduction
This paper presents estimates of per capita community and total water ingestion by age range categories for the population of the United States using data collected in the USDA 's 1994-1996 and 1998 Continuing Survey of Food Intakes by Individuals (CSFII, see USDA/ARS, 2000) . Community water is tap water obtained from a community or municipal water supply, and total water is water obtained from all sources. The results presented emphasize ingestion by children within small age range categories, although results for adults within broader age categories are included. For each age range, the estimated mean, 90th and 95th percentiles of the distribution of average daily per capita ingestion of water are reported in milliliters (ml/person/day) and milliliters per kilogram of body weight (ml/kg/day). The motivation for producing estimates by smaller age categories, especially for children, is twofold. First, children as a group are considered a sensitive population, because they can be more susceptible to diseases caused by exposure to toxicants. Presidential Executive Order 13045 directs all Federal agencies to ensure that disproportionate risk to children is addressed and increased emphasis on early life exposure to carcinogens is provided in US EPA (2005a) . Because water ingestion is a route of possible exposure to toxins, estimates of water ingestion by children are required for risk assessments. Second, the USDA's 1998 CSFII added data for more than 5000 children aged 9 years and younger. The larger sample size supported the generation of more precise estimates of water ingestion for children.
The age ranges for which estimates are presented are children younger than 1 month, 1 to o 3 months, 3 to o6 months, 6 to o12 months, 1 to o2 years of age, 2 to o3 years, 3 to o6 years, 6 to o11 years, 11 to o16 years, 16 to o18 years, 18 to o21 years, 21 years of age and older, and 65 years and older. The children's age groupings presented are identified in US EPA (2005b) . In general, age groupings are narrow at younger ages when rapid developmental changes occur and broader at older ages when developmental rates decrease.
Methodology
Mean and percentile estimates of daily average per capita water ingestion were made using ingestion data collected in the USDA's 1994-1996 and 1998 CSFII, which is a multistage probability sample survey of individuals within US households. In the CSFII, two nonconsecutive days of food and beverage intake data were collected from a sample of more than 20,000 individuals in the 50 States and the District of Columbia. For both days, dietary recall information, including water intake, was collected by an in-home interviewer. The day 2 interview occurred 3-10 days after the day 1 interview but not on the same day of the week. Proxy interviews were conducted for children aged 6 years and younger, and individuals unable to report due to mental or physical limitations.
A series of CSFII records were used to determine the total amount of water ingested by each survey participant for the 2-day survey period. Total water ingestion is the sum of water ingested directly as a beverage and indirectly from food and drink. Direct water is water that survey respondents reported drinking directly as a beverage. Indirect water is defined as water added to foods or beverages during final preparation at home or by local food service establishments such as school cafeterias and restaurants. CSFII recipe files served as the basis for determining the percentage of indirect water contained per 100 g of each food consumed by participants. This percentage was then multiplied by the amount of food consumed by the survey respondents to determine the amount of indirect water ingested. Daily average per capita water ingestion, the basic unit for estimation, for each survey participant is the total water ingested, by source, over the 2-day survey period divided by 2. Indirect water does not include intrinsic water or water added by a manufacturer. Intrinsic water is biological water that is contained naturally in foods. Commercial water is water added to foods and beverages by the manufacturer prior to merchandizing. An example of commercial water is water added to bottled iced tea by the manufacturer.
Empirical distributions of daily average per capita water ingestion were constructed using the survey-weighted amount of daily average direct and indirect water ingested by survey respondents. Our general approach is comparable to that of Ershow and Cantor (1989) who used food consumption survey data collected by USDA in 1978 to estimate distributions of water ingestion. Standard statistical methods for the analysis of sample survey data (Hanson et al., 1953; Woodruff, 1971; Cochran, 1977; Kennedy and Gentle, 1980) were used for the analysis of the CSFII survey data to estimate means and estimates of percentiles of distributions of water ingestion. Standard methods were also used to construct 90% confidence limits for the estimated distribution means and 90% bootstrap limits for the estimated distribution percentiles. These methods are described in detail in US EPA (2000, 2004) . Estimates are reported for ''all individuals'' and for ''consumers only.'' Estimates reported as ''all individuals'' include all survey respondents whether they reported ingesting any water or not during the 2-day survey period. That is, mean daily average per capita ingestion is averaged over all individuals sampled in the age group whether they report water ingestion or not. Ingestion estimates labeled as ''consumers only'' are generated from only the respondents who reported ingestion of water at least once during the 2-day survey period. Estimates for ''consumers only'' are often the primary focus in analyses of risk due to ingestion of water that may be contaminated.
The number of individuals sampled in the CSFII in each age category and the estimated number of individuals in the US population in each age category that the sampled individuals represent are shown in Table 1 .
Results
Mean and percentile estimates derived from the CSFII sample data of daily average water ingestion in units of Tables 2-6 for community water and total water by age category for male and female groups combined. A substantial number of additional tables that show estimates of ingestion by gender, source category and additional age categories in terms of ml/person/day and ml/ kg/day are provided in US EPA (2004), which is available on the internet at the address indicated in the references. The emphasis here is on ingestion for the younger, small size age categories, although results are also included for adults and those who are 65 years and older. Water source categories are community water and total water. ''Total water'' includes water from all supply sources such as community, bottled, other and missing sources. ''Community water'' is tap water from a community or municipal water supply. ''Bottled water'' is plain water purchased in prepackaged containers, whereas ''other water'' is water from wells, springs and cisterns. The source identified as ''missing'' refers to water reported in the CSFII as ingested but with no identified source. Direct and indirect water are combined in the estimates. Direct water includes the amount of water ingested directly as a beverage and indirect water refers to water ingested indirectly through foods and beverages that had water added to them during final preparation at home or by local food service establishments. Commercial water added by a manufacturer, such as water contained in soda or beer and intrinsic water found naturally in foods and liquids such as milk, and natural undiluted juice are not included in these estimates.
Per Capita Water Ingestion: Fine Age Category Comparison (ml/person/day)
Estimates of daily average per capita community and total water ingestion are shown in Tables 2 and 3 , respectively. On the basis of care takers' reporting, only 115 of the 253 surveyed children in this age group (1 to o3 months) or 45% ingested community water at least once during the 2-day survey period. Thus, estimates of daily average per capita community water ingestion based on the 114 ''consumers only'' sample are higher than those for ''all individuals'' in the age category 1 to o3 months. This is because no community water was ingested by the 139 of the sampled 253 children of this age category in the ''all individuals'' estimate. When amount of water ingested from all sources (i.e., total water) is estimated, the means and percentiles of daily average per capita total water ingestion presented in Table 3 are essentially the same for ''all individuals'' and ''consumers only'' older than 1 year of age. However, for children younger than 1 year of age, the ''consumers only'' ingest more water, on average, than the ''all individuals'' of the same age group. This is especially true for infants in Indirect water is defined as water added in preparation of food or beverages. c ''All Individuals'' include all participants whether or not they ingest any water from the specified source during the 2-day survey. d ''Consumers only'' group excludes those who did not drink community water during the 2-day survey. e The sample size does not meet minimum reporting requirements as described in the ''Third Report on Nutrition Monitoring in the United States, 1994 -96'' (LSRO, 1995 .
Estimated water ingestion by age categories Kahn and Stralka the age categories of less than 1 month and 1 to o3months of age.
The mean daily average per capita community water ingestion across all ages is 926 ml/person/day. The 90% confidence interval around this estimated mean is 903-949 ml/ person/day. The estimated 90th percentile from the empirical distribution of daily average per capita community water ingestion is 2014 ml/person/day and the 90% bootstrap confidence interval around this estimated 90th percentile is 1996-2048 ml/person/day ( Tibshirani (1993) for a general description of bootstrap intervals. This provides support for use of the general default water ingestion value of 2 l/person/day as a value that represents roughly the 90th percentile of overall ingestion. The estimated mean daily average per capita community water ingestion by ''consumers only'' across all ages is 1000 ml/person/day. The 90% confidence interval about the mean is 977-1023 ml/person/day. The estimated 90th percentile from the empirical distribution of daily average per capita community water ingestion for ''consumers only'' is 2069 ml/person/day and the 90% bootstrap confidence interval around this estimated 90th percentile is 2026-2130 ml/person/day (Table 2, below). This also provides support for use of the general default water ingestion value of 2 l/person/day as a value that represents roughly the 90th percentile of ingestion.
For ''all individuals,'' the estimated mean daily average total water (i.e., water from all supply sources such as The sample size does not meet minimum reporting requirements as described in the ''Third Report on Nutrition Monitoring in the United States'' (LSRO, 1995) . Note: 757 individuals did not report body weight. They represent 6,314,627 individuals in the population.
community, bottled, other and missing sources) ingested from all water sources is 1233 ml/ person/day and the 90% confidence interval about this mean is 1200-1265 ml/person/ day (Table 3 ). The estimated 90th percentile from the distribution of total water ingested by ''all individuals'' is 2341 ml/person/day. The estimated mean daily average ingestion of total water by ''consumers only'' across all age groups is 1242 ml/person/day. The 90% confidence interval around the estimated mean for ''consumers only'' is 1210-1274 ml/person/day. The estimated 90th percentile of the empirical distribution of daily average total water ingestion by ''consumers only'' is 2345 ml/person/day. The default drinking water ingestion value of 2 l/day for an average individual is approximately equal to the 84th percentile for total water ingestion by ''consumers only'' (see Figure 1) . A gradual increase in mean daily average water ingestion with increasing age past the age of 1 year is suggested by the results summarized in Tables 2 and 3 . For example, children in the age range of 1 to o2 years ingest an average of 271 ml/ person/day of community water, which is less than the mean 317 ml/person/day ingested by the 2-to o3-year-old age group. For the 3-to o6-year group, the mean ingestion of community water is 380 ml/person/day, whereas the estimated mean daily average community water ingestion by individuals in the 6-to o11-year age group is 447 ml/person/ day. The 90% confidence interval about the mean daily average per capita ingestion of community water by 1-to o2-year olds does not overlap that of the 2-to o3-year olds, suggesting that the means are statistically different. Statistical difference is also suggested by the nonoverlapping 90% confidence intervals for mean daily average per capita community water ingestion for the 3 to o6 and 6 to o11 years age groups. This is true for community water and total water ingestion, by ''all individuals'' and ''consumers only.''
The mean daily average water ingestion by ''all individuals'' does not differ statistically for the 3 to o6 months and 6 to o12 months age categories for either community water or total water. However, mean daily average community water ingestion for ''consumers only'' for these two age categories are statistically different. The mean water ingestion for ''all individuals'' 3 to o6 months is statistically greater than that of ''all individuals'' 1 to o3 months for both community and total water ingestion but the means for these same age groups for ''consumers only'' do not differ statistically.
The largest differences between mean quantity ingested for ''consumers only'' and ''all individuals'' are for children and infants in all age categories less than 1 year of age (see Tables  2 and 3 ). This is especially true for children younger than 6 months of age. However, the effect is less pronounced with total water than with community water. Water from commercially prepared formula or milk is considered intrinsic and, therefore, is not included in the amount of water ingested in this analysis.
Mean water ingestion estimates for the age groups of 16 to o18 and 18 to o21 years are not considered statistically different, because the 90% confidence intervals around the means overlap. This is the case for community water ingestion as well as for total water ingestion, ''consumers only'' or ''all individuals'' (Tables 2 and 3 ). The mean community water ingestion for adults 21 years of age and older is 1104 ml/person/day, and the estimated 90th percentile is 2230 ml/person/day. For ''consumers only,'' the estimated mean community water ingestion is 1183 ml/ person/day, and the estimated 90th percentile of the distribution of daily average per capita community water ingestion is 2289 ml/person/day.
The mean total water ingestion for adults aged 21 years and older is 1466 ml/person/day and the estimated 90th percentile is 2553 ml/person/day for ''all individuals.'' These estimates are approximately the same for ''consumers only'' aged 21 years and older. The estimated mean total water ingestion for adults 21 years of age and older as 1472 ml/ person/day and the 90th percentile distribution is 2559 ml/ person/day.
When considering total water ingestion by children, a default water ingestion value of 1 l/day for a 10-kg child is often used (e.g., in development of drinking water standards and advisories (US EPA, 2006)). The 1 l/day value is approximately equal to the estimated 90th percentile for children younger than 1 year (3 to o6 months and 6 to o12 months), or up to 6 years of age (3-to o6-year-old group). For the 2-to o3-year-old group, the 1 l/day is between the estimated 90th to 95th percentile distribution of total water ingestion (Table 3) average, the largest amount of water of any of the age groups considered. This is true for ''all individuals'' and ''consumers only'' estimates of community water (Table 4) and total water (Table 5) ingestion. For example, when all individuals are included, children under 1 month of age have a mean community water ingestion of 52 ml/kg/day. The ingestion rate decreases with increasing age. The difference decreases up to 1 to o2 years of age (mean, 23 ml/kg/day) which is still 50% higher than that of the adults (mean, 15 ml/kg/day). The mean ingestion rate of 11 ml/kg/day (community water) for the age groups of 16 to o18 years olds is the lowest observed. A similar pattern is observed for total water ingestion estimates. On average, children 1 month of age ingest 3.5 and 4.5 times the amount of community and total water, respectively, ingested by adults, when all individuals are included. When only the consumers are used for estimation, a similar pattern is observed. The very young children (o1 month old) ingest the highest average amount of community water or total water, whereas the 16-to o18-month olds ingest the least. Children under 1 month of age, on average, ingest 137 and 153 ml/kg/day community water and total water, respectively, which are approximately eightfold greater than the mean amount of water ingested by adults 21 years of age and above (see Tables 4 and 5) .
Distributions of body weights by different age categories self-reported by respondents to the CSFII are shown in Table 6 . The body weight values for each respondent were used to calculate the body weight normalized ingestion data summarized in Tables 4 and 5 . The average body weight across all individuals is 65 kg. Ten kilograms, often used as the default value for the weight of babies, is equal to the estimated 95th percentile of the distribution of body weights of children in the age category 3 to o6 months. The median weight for the 6-12-month age category is 9 kg and the median weight for the 1-2-year age category is 11 kg.
Discussion
The CSFII survey, which is the source of the data analyzed in this paper, has significant advantages and some limitations for estimating per capita water ingestion. The primary advantage of the CSFII survey is that it was designed and conducted by the USDA to support unbiased estimation of food intake by the population of the 50 States and the District of Columbia. Also, the purposeful oversampling of children provides an abundant source of information of food intake by young people in the overall population. One limitation of the CSFII survey is that individual food consumption data were collected for only two nonconsecutive daysFa brief period that does not necessarily yield an accurate picture of ''usual intake''. Usual intakes are defined as ''the long run average of daily intakes of a dietary component by an individual'' (see Nusser et al., 1996) . It is important to note, however, that variability due to duration of the survey does not result in bias of estimates of overall mean consumption levels. Another limitation is that the multistage survey design does not support calculation of confidence interval estimates for many of the subpopulation means that may be of interest because of sparse representation in the sample. The survey design does, however, support calculation of confidence interval estimates for the US population and some large subpopulations. Also, estimates for other subpopulations of possible interest (e.g., ethnic group, occupational category and geographic area) are not supported by the design of the CSFII, which was devised to obtain a sample of individuals residing in US households by gender, age and income level. In addition, when considering the body weight distributions (Table 6 ) and the body normalized ingestion values, it is important to be mindful of the fact that body weights were self-reported by respondents to the CSFII. This may introduce a degree of uncertainty into analyses that incorporate the body weight data.
In general, adults over 21 years of age ingest the largest amount of water (community or total water), and children less, with the 1-to o2-year-old group the least, on average, based on milliliters of water ingested per person per day. On a body weight basis (ml/kg/day), the infant consumers ingest the largest amount of water with the amount ingested generally decreasing as age increases. It is noted that the infants younger than 1 month in the ''all individuals'' group ingest substantially less water than the corresponding ''consumers only'' group. These young ''all individuals'' include those who are breast-fed as well as those who are fed with commercially ready-to-drink formula, which are not included in the analysis. Accordingly, the ''consumers only'' water intake values for infants are considered more representative of the water intake by infants fed with formula either diluted from powered or concentrated mixture.
Direct and Indirect Ingestion by Young Children
Some insight into questions of water ingestion by young children is provided by examining direct and indirect ingestion by age. Summary statistics for direct and indirect community water ingestion by young children are shown in Table 7 . A substantial proportion of very young children ingest little or no water, either direct or indirect, presumably because they are breast-fed. For instance, out of a total of 772 individuals sampled that were less than 6 months old, only 152 were reported as ingesting direct water and 405 were reported as ingesting indirect water. Overall, most water ingestion at young ages is indirect through the consumption of baby formula or juice reconstituted from powder or concentrate by dilution with water. This is demonstrated by the mean ingestion amounts shown in Table 7 . The largest value, 546 ml/person/day, is the mean indirect ingestion for the youngest age group (less than 6 months) for ''consumers only''. The mean for direct ingestion for the less than 6 months group, consumers only, is 107 ml/person/day. As age increases, the indirect ingestion mean decreases and the direct mean increases reflecting the pattern of decreased use of baby formula and increased direct ingestion as children grow older. The pattern of ingestion in the results for ''all individuals'' is similar to that for ''consumers only'' with the effect of including sampled individuals with no reported ingestion readily apparent.
Per Capita Water Ingestion Based on Body Weight: (ml/kg/day) On the basis of kg body weight, the young children under 1 month of age have, on average, the highest water ingestion (community or total water, see Tables 4 and 5 ) of all the age groups. On the basis of body weight, consumers younger than 1 month of age ingest, on average, approximately eight times the amount of water as the adults (Tables 4 and 5) . Although ''all individuals'' in this age group ingest only three times the amount of water compared with the adults, it is the value for the ''consumers only'' that is considered to better represent ingestion of infants who are fed with formula made from concentrated or powered mixture. The ''all individuals'' infant category includes those who are breast-fed and those who drink only the ready-to-drink formula, which is not counted in the analysis.
Estimates of Percentiles of the Distribution of Ingestion by Selected Populations
The results discussed here provide a means for evaluating water ingestion values for use in risk assessment work or other analyses where water ingestion is a key variable, for example, evaluation of demand for public drinking water supplies. In risk assessment, often a value is specified, or assumed, to represent water ingestion for a population or subpopulation. Risks to the population from ingestion of contaminated water are estimated on the basis of the assumed ingestion rate and a range of contaminate levels. The observed distributions of water ingestion (US EPA, 2004) may be used as the basis for selecting an ingestion rate or a selected rate can be compared with the overall distribution to place it in some overall context. This is a critical step in the risk assessment process that supports informed judgment regarding the results of a risk assessment and implementation of risk management decisions. For example, in risk assessment analyses, a common practice has been to use 2 l/person/ day as a default value to represent water ingestion for a typical 70-kg person. The 2-l/person/day value may be placed in context using the ingestion distributions. For instance, the cumulative distributions of per capita direct and indirect ingestion of total water and community water by ''consumers only'' are shown in Figure 1 . From the Figure, it can be seen that the value of 2 l/person/day is approximately equal to the observed 89th percentile of the cumulative distribution of per capita direct and indirect community water ingestion by ''consumers only'' and the observed 84th percentile of per capita direct and indirect total water ingestion by ''consumers only''.
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